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We investigate the effects of flavor SU(3)-symmetry breaking on the QCD condensates, based on 
the nonlocal effective chiral action from the instanton vacuum, focusing on the quark-gluon mixed 
one. We employ two different parameterizations for the dependence of the momentum-dependent 
dynamical quark mass on the strange current quark mass. We obtain the ratios of the mixed 
condensates: [(sa^G^ s) /lua^G^u)] 1 ^ — 0.87. It turns out that the dimensional parameter 
m 2 = {qa^G^q)/{qq) = 1-60 ~ 1.92 GeV 2 . 

^ . PACS numbers: 11.15.Tk,14.40.Aq 

^—•^ ■ Keywords: Condensates, Instanton vacuum, Flavor SU(3)-symmetry breaking 

(N ' 
X. 



I. INTRODUCTION 



In this proceeding 1 , we discuss the effect of flavor SU(3)-symmctry breaking focusing on the quark-gluon mixed 
condensate, based on the instanton liquid model for the QCD vacuum 0, Q- The model was later extended by 
introducing the current quark masses EL Since we are interested in the effect of explicit flavor SU(3)-symmetry 
breaking, we follow the formalism in Ref . |3j . Though the mixed quark-gluon condensate was already studied in the 
instanton vacuum explicit SU(3)-symmetry breaking was not considered. Hence, we extend the work of Ref. 
focussing on the effect of flavor SU(3)-symmetry breaking on the QCD vacuum. Furthermore, we take into account 
two different parameterizations for the dependence of the dynamical quark mass on the current quark mass m/ so that 
we can examine the effects of the current quark mass very in detail. We observed that, with a proper choice of the mf 
dependence of the dynamical quark mass , the gluon condensate is independent of to/ Q . The corresponding results 
are summarized as follows: The ratio [{sa^G^ s) / (ua^G^u)] 1 ^ = 0.87, to 2 , u = 1.60 GeV 2 , and to 2 s = 1.84 GeV 2 , 
with isospin symmetry assumed. This proceeding is based on our previous work of Ref. |7j in which the gluon and 
i~~ quark condensates are were also discussed in addition to the mixed one. 

CD . 

^ ' II. FORMALISM 

> : 

k> , Now, we consider the mixed condensate, {qchv G^ v ' q) in our framework. Actually, the local operator inside this 
condensate corresponds to the quark-gluon interaction of a Yukawa type. However, in the present work, the gluon 
field strength (G^) can be expressed in terms of the quark-instanton interaction 0- First, the one flavor quark and 
one instanton interaction can be rewritten as a function of space-time coordinates x and color orientation matrix U : 



Y±Ax,U) = J ^-^[2npF{kp)][2^pF{pp)]e-^ k -^ [u?{U^^'e 3r 
where the form factor, F(kp), is defined as follows: 
F(kp) = It 



/ (*)#i(«) - h(t)K (t) - h^K^t) 



(1) 



(2) 



p is set to be 1/600 MeV 1 . We assume the 6- function-type instanton distribution. We define then the field strength 
G® v in terms of the instanton configuration as a function of /(/) position and orientation matrix U: 

G a ±fiU (x, x', U) = \ [\ a U\ b U^] G b ± ^(x' - x). (3) 



'Electronic address: sinam@pusan.ac.kr 
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1 This proceeding is prepared for the international workshop, "Hadrons at finite density" (HFD06) at YITP in Japan 20~22 Feb 2006. 
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Gj_ )lu (x' — x) stands for the field strength consisting of a certain instanton configuration. Using Eqs. and J2J, we 
define the field strength in terms of the quark-instanton interaction: 



iN r M 



= J d 4 x J dUG a ± ^(x, x', U)Y ±tl {x, U) (4) 

Following the method in Ref. we finally obtain the quark-gluon mixed condensate as follows: 



In rv»> \-OM f d4fcl f d4k2 VM(fc 1 )M(fc 2 )G(fc 1 ,A: 2 )JV(fc 1 ,fc 2 ) 

{q<7 ^ q) ~ cP J (2^) 4 J (2tt) 4 [k\ + [m f + M(kt)nk* + [m f + M(fc 2 )] 2 ] ' (5j 
where G(ki, k 2 ) and N(ki, k 2 ) are defined as follows: 

G(h,k 2 ) = 32tt 2 



K Q (t) , f4K (t) , (2 



t 2 \t t 3 J iW i 4 

^I'fe) = 77 1 , , 2 [8fc 2 fc| - 6(fc 2 + fc|)fci ■ fc 2 + 4(fci ■ fc 2 ) 2 ] (6) 
(^/Cl — fc 2 J 

with t = \k\ — k 2 \p- If we consider for arbitrary Nf the mixed condensate, the situation may be somewhat different 
from the cases of the gluon and quark condensates. We note that, though the mixed condensate has been calculated for 
the case of Nf — 1, the same formula of Eq. JSJ still holds for each flavor with arbitrary Nf as discussed previously 0. 

As indicated in Refs. 0, the dynamical quark mass is also a function of the current quark mass. Thus, we 
redefine the dynamical quark mass as a function of momentum and current quark mass, m^: 

M(k) -» M(k,mf) = M f(m f )F 2 (kp), (7) 

where we set Mo to be 350 MeV. In order to take into account the dependence of the dynamical quark mass on nif, 
we introduce the m/-dependent correction factor /(m/) |^|^. We consider here two different parameterizations for 
/(m/) (A and B) of /(m/) to see theoretical ambiguities: 



f A (m f ) = Jl + f--L, f B ( mf ) = 1+ B /c(m/) = 1 . (8) 

The correction factor f^(mf) is derived by Pobylitsa |(| by expanding the quark propagator in the instanton back- 
ground in terms of the large N c limit. The parameter ca is set to 0.198 GeV. The m/ correction factor /s(m/), was 
introduced in Ref. [3j by using the saddle-point equation and its expansion in the current quark mass rrif. We use 
the value of cr = —0.5 to/ as proposed in Ref. fc is for the M without mf dependence. 



III. NUMERICAL RESULTS 

In the right panel of Fig. ^ we draw the results of the quark-gluon mixed condensate as functions of the m f . The 
curves of the mixed condensate decrease as to/ increases. We also list the values of the mixed condensate for the up 
and strange quarks in Table. [I] 





A 


B 


C 




-481 b 


-483 b 


-484 1 ' 




-418 5 


-475 5 


-483 5 



TABLE I: Quark-gluon mixed condensates for m u = 5 and m s — 150 MeV [MeV 5 ]. 

Now, we consider the effect of flavor SU(3)-symmetry breaking by calculating the ratios between the nonstrange 
condensates and the strange ones. As already discussed, the ratio of the gluon condensates remains unity for the to/ 
correction factor /a. The calculated ratios are given by; [(so>G^ s) / (ua^G^u)} 1 / 5 = 0.87 - 1.00. Being compared 
to Refs. 0,0,013,0,0], our results are in good agreement each other. 

We take into account a dimensional quantity to,q defined as the ratio between the mixed and quark condensates: 

TO 2 = (qa^G^q)/{qq), (9) 

which is an important input for general QCD sum rule calculations. We draw TOq in the left panel of Fig. ^ as a 
function of to/ and list the values of to 2 , in Table, [n] in which the quark condensates are computed in the same 
framework. 

The value of to 2 , increases as to/ does, which implies that the mixed condensate is less sensitive to the to/ than the 
quark condensate. The values of to 2 , are in the range of 1.84 GeV 2 for the strange quark and of 1.60 GeV 2 for the up 
quark. Thus, the strange to 2 , s turns out to be larger than the nonstrange to 2 , u by about 15 %. 
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FIG. 1: Left: Quark-gluon mixed condensate as a function of the current quark mass mj. Right: m 2 as a function of the 
current quark mass. The solid curve draws the mixed condensate for /a (mf) in Eq. JSJl, the dashed one corresponds to that 
without any /(m,/), and the dotted one plots that for /s(m/). We used ca = 0.198 GeV and cb = —0.5m/ GeV. 





A 


B 


C 


[(scr^G^s)/^^"^] 1 ^ 
m 2 u = (ua^G^u)/(uu) 
ml s = (sa^G^s)/{ss) 


0.87 
1.60 GeV 2 
1.84 GeV 2 


0.98 
1.60 GeV 2 
1.89 GeV 2 


1.00 
1.60 GeV 2 
1.92 GeV 2 



TABLE II: The ratios of the condensates for the different types of the m/ correction factors. m u = 5 MeV and m s = 150 MeV 
are used. 



IV. SUMMARY AND CONCLUSION 



In the present work, we investigated the various QCD vacuum condensates within the framework of the instanton 
liquid model, emphasizing the effects of flavor SU(3)-symmetry breaking. The modified improved action elaborated by 
Musakhanov was used for this purpose. In the modified improved action, the current quark mass appeared explicitly 
in the denominator of the quark propagator as well as in the dynamical quark mass. Thus, we were able to take 
into account the current quark mass effects to the QCD condensates. In order to consider the m s dependence of the 
dynamical quark mass, we employed two different types of the correction factors, j 'a and /b (fc for the case without 
the correction). Ja arises from the resummation of the QCD planar loops in the large N c limit |(J, while fs is a 
simple parameterization of the current quark mass correction suggested by Musakhanov Q . 

The mixed condensates were calculated with these correction factors. The results were consistent with those from 
other model calculations as well as phenomenological values. In particular, The ratios of the condensates between the 
strange and up quarks were also investigated: [{sa^G^ s) / (ua^G^u)] 1 ^ 5 and (qa ^ V G^ P 'q) j '{qq) . It turned out that 
the results are again compatible with other theoretical calculations. The dimensional quantity m§ was also studied: 
TOq u — 1.6 GeV 2 and to,q s = 1.84 GeV 2 . In general, the quark and mixed condensates decrease as the current quark 
mass increases. However, the to-q increases as the current quark mass does, which indicates that the mixed condensate 
is less sensitive to the current quark mass than the quark condensate. More details can be found in Ref. Q- 
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